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IMS I Kim I ION OF SPECIES OF TRICHOSTKONC.YUMD NEMATODE PARASITES IN 
THE SMALL INTESTINE OF THE BUSH RAT, RATTIJS FUSCIPF.S 

by L F SKCRR ATT' 1 . I. BKV BRIDGE* & M -C. Df RIG TI.-DKSSE 1 1 

Summary 

ShMuott i . L B , Brvi fnix.l- I. & Pt ki i • i Drssri, M. C (I995| Disliibution o( speiics of trirhustrongyloid 
nematode parasites in the strain uwcMine of the hush rai. Ratius jit.uipes. trims. R. Roe. S. .to. Il‘>i3). 14.1-148. 

30 Novumbci 1995 

Thu distribution ol three tiuhoslrorigyloid nematodes. Nippies trongxhts' mdipito (Mawson, 1991), f ktiliu hniiuu 
Bcvctidgc A I Jitfi il. Oc-ss,;). 1943 :hkI fhruuslnisrnmtis'lits mill Qbcndnrl 1479. in the small intestine of bush 
rats, Paints ItiM'l/H . was investigated Fucli ol ilu'nc -ipt'ciir-- exhibited a signilit anilv dillee.in longitudinal Jistribui ion 
williin the sii ml I inii-Miiie Inter, inn ms between the three species, identified by comparisons ol the fundamental 
and realised overtupi in nematode 0 rst t i HeU i» >n« , were the pmbablc cause ot the differences in distribution between 
spec ins. Mir diflerenl distribution*. Which are here interpreted as niches, occupied by the nematode species arc 
consistent with the hvpirttiuMM that O. hannic was probably a parasite ol' hydmmyine rodents which filled a vacant 
niche cvtn'fi ii swili licit to H. Jh,\i ijirs as a taist white t J nWi probably occupied another vacant niche when 
ii .switched to R. J'min an original marsupial host. 

Ki 1 WCiKlis, fainsite. ecology, niche, Ti'ichtislntnyyloidcu, Ruttus. nlCOicf a a) 



Introduction 

One mode by which parasite evolution may occur 
is ‘host switching" iChabaud 1965). This involves a 
break-down in host specificity allowing the transfer 
ol a parasite from its usual host to an unrelated host 
species occupying the same environment. The new host 
may he infected through the skin by free-living stages 
of the parasite or may ingest (tic infective form ol rhe 
parasite with its food (Chabaud I9(i5). The mechanism 
tif host switching appears to be common among 
parasitic riCituttodes (C’hahaud 1982) and is based on 
the assumption that the invading nematode parasite is 
occupying a previously vacant niche within rite new 
host In the ease of intestinal parasites this is usually 
defined as a restricted longitudinal ot radial distribution 
within IheguLofllte host (Schad 1963). Host switching 
within the nematode superfamily Trichostmngylmdea 
is well documented < Du rate Dcsset 1985), yet few 
studies have examined whether rhe invading nematode 
actually occupies a separate or previously -vacant niche. 

The Inehoslrongyloid nematode parasites ol the 
native hush rat, Rut t us fuscipcs, oiler the opportunity 
to examine such an hypothesis. At one locality in 
Victoria (Blackwood I Obcndorf fl979) found that R. 
I'uStifU’S was parasitised by three species of 
trichostrongyloids, the he! ignutsi lines Nippostmngvlus 
"i(tginis (Maw, sn?j, I96ii and ( \1ilio ha unit' Beveridge 
& Duretle-Pesscl. 1992 and the herpetostrofigylkl 
Paifiusrrowvngylus twit Obcndorf. 1979 (Obemlorf 
1979: Beveridge & Ourctlc Dessel |992u.b, 1993 1 . R 
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rattl belongs to a genus which otherwise occurs 
exclusively in marsupials and which presumably has 
switched to its current eutherian host (Obendorf 1979) 
It is considered fObcndoil 1979) to be one of only two 
examples of trichosirnngyloid nematodes switching 
Irom marsupials to native rodents, the other being 
WwUe\a hyc/nmnns in flic water rat, Hydronm chrysn 
Mister I see Mawson 1961. 1973). 0. Inti tine belongs 
to a genus which is parasitic primarily in hvdromyine 
rodents and species of the genus were considered by 
Durette-Desset ! 1985) to have switched secondarily to 
murine rodents such as R. Juseipcs. Only Nippo- 
strongylus tnagtwx can be considered an original 
parasite of this murine rndem (Beveridge & Durette- 
Dessei 1992a). 

The current study was therefore undertaken to 
determine the ecological niches occupied by N. 
magmis, O. bainnt and P. rnlti within the small 
intestine of R Jitsripcs and to examine the extent of 
overlap between them to establish whether or not each 
occupies a distinctive intestinal niche. 

Materials and Methods 

Ten hush rats. Ramis fwnipes. were trapped front 
along the banks of the Lerderderg River, Blackwood. 
Victoria, Australia (37° 29’ S, I44 r 19’ F.) using 
collapsible aluminium traps bailed w ith |Xanut hotter. 
Immediately following euthanasia with chloroform, the 
small inte.sline was removed and divided into sixteen 
equal parts. The total length of the small intestine, was 
measured Gut segments were incubated m saline at 
37"C for at least 2 hours and all nematodes which 
emerged from the mucosa w'ere fixed in hoi 70 'a 
ethanol before being counted. P mm was distinguished 
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from othei species based on ihc description oi 
Obendorf (1970) using a xtereoniicroscopc, whereas Si 
iwgmt.s and O. haitnw were differentiated using die 
descriptions of Beveridge & Durettc-Dessel ( 1092 a ti| 
and a compound microscope following clearing in 
lactopheno). The rats were also routinely examined I’m 
other helminth parasites. 

The number of each species of nematodes in 
individual sections of the small intestine was converted 
to a percentage of the total number of each species 
present. For each species, the positions ot rhe anterior 
median and posterior nematodes Were determined 
using the method ol Bush & Holmes (I486), such that 
the section number in which nematodes occurred was 
converted to a pcreeniage of the total length of the small 
intestine It was assumed that nematodes were 
Uniformly distributed within each section. 

Differences in distribution between species were 
tested statistically using values calculated front a 2 x 
5 contingency table (species x sector ol intestine) for 
each species pair Sections 5 to 16 of ihc intestine 
where very few nematodes were found, were combined 
to form u single cell in the table. 

The extent of niche overlap between the three species 
was determined using the equation 

Cxy- l-iffilfiui-Pyjl) 

where IHurlberl 1978 1 

Pxi-xi , Pyj-Vi 
X T 

such that Pxi and Pyi are the proportions of two 
species, x and y, in different segments of the intestine 

This equation was used to calculate die “fundamental 
overlap" between species pairs, w hich is the extent ol 
overlap (Cxy) in the mean distributions of the two 
nematode species and the "realised overlap” which is 
obtained by determining the extent of overlap (Cxy) 
between two nematode species in individual rats and 
then computing the average of the individual overlaps 

Differences between fundamental and realised 
overlaps, that is when the realised overlap was substan- 
tially less rhan (he fundamental overlap, were used to 
infer the presence of competition between nematode- 
species. 

Seven laboratory rats, R w orveghus, were infected 
either subcutaneously or orally with 200 - 900 infective 



Tam I i I Position of mean anterior median and poxlennr 
individuals (± standard emir ij mean) of 'Nippoxlmygylii*. 
rtiugnus, Odilia bainae and Paraustrnslinngylus rain a . ' 
percentage distances along tin small intestine in ten rninmills 



Injei itti hash ruts, Ranus 


tuscipcs. 






Anterior 


Median 


Posterior 


V. rnagnus 
O. hainae 
1’ raiti 


1.01 ±0.64 
2.17 ±0.84 
■1,22 ± 1.62 


15,14 ±4.84 
18,23 ±4.07 
1 9.06 ± 2.25 


56.63 ± 10,17 

48.40 ± 6.47 

49.40 ± 4.42 



larvae ol V j)uis;lia.i or ti hivrhjfi (Table 1), The 
in feel it i- larvae were obtained by culturing a mixture 
ol Pieces I root naturally infected rals wdh activated 
charcoal on motsi filter piper and recovering developed 
larvae by sedimentation in svaier Larvae were 
separated on the basis. >>r nhorphological difference 
(shape of the tail) identifiable using a slercomicrnscope 
(unpublished observations). Infected rals were killed 
W'ilh chloroform 14 days after infection and the 
distribution of nematodes in the small intestine 
determined in a similar fashion to ihai ilcxcrihed ahiivc 
Experimental infections with F raiti via oral, 
subcutaneous and pcrculanpou.s routes were 
unsuccessful 



Results 

Nfmotftttt tiisrnhtwain in wiki inti 

tuagnus occurred in 1009! nf the wild bush rals 
examined, with ft mean intensity of 67 and u range of 
U-183 0, buitw was pieseni in 100 Of of wild nils 
examined, with a mean intensity of 64 and u range of 
JL-J73. R. rdJit was prexeni mOOSE of wild rats examined 
with a mean intenfety of 17! and .a range of 1-1094 
liable 4) 

i 'liter parasites found in the ten naturally infected 
bush iats were very small numbers nf Capilloriii sp, 
(Nemalixla) in the lirsi segment of the small intestine 
and Ctiptlldriii gasrritu (Baylis. 1926) within the 
squamous epithelium of ihe sioinach in five rats Then 
was no pathological reaction |o adiill Capilluriti or eggs 
within ihc squamous epithelium. Hen nikis spttmnsit 
(Schneider IX661 was found m the iaige intestine of 
eight nuts. The cextodes ChuanauicnUi rut ti cot a 
iSandurv, 1957) Hymennlepis dnninura (Rudolpbi, 
1819) and Bert tel Id undpahuvu Baylis. I'fe4 were (bund 
in the small inlcMine C. miticohi inhabited (lie opening, 
of the bile duct, causing hyperplasia of the bile duet 
epiihelmm H dinmuhl and B. anupnlwtu w ere found 
in segment* 4 12 and 5 16 respectively. However, II 
dmhnuni was distributed anteriorly (o 8 aiuipalyih.it 
when both species occurred in rats. 

N, nut, grins occurred plainly (64%) in the anterior 
two segments of the small intestine in naturally infected 
rats, with maximum intensity in the lirsi segment, and 
its numbers declined progressively in (he remaining 
sections (Fig. I ) The majority of O. hainue (82%) 
inhabited the five most aiueriof segments in naturally 
infected bush rals with a maximum intensity (30% | 
in the .second segment (Fig. I) The majority of P. mlli 
(87%) were distributed throughout Ihe five anteriot 
segments n( the small intestine in naturally infected 
ruts (Fig. J) with maximum intensity occurring in 
segments I ro 4. Small intestine lengths ranged from 
56-92 cm (mean 71 cm) and hence the average Icngih 
of each segment wax 4 s cm. 
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Fig. I Distribution (mean percentage ± standard error |error 
hars 1 1 o( Nippostrongylus magnus, Otiiliti hainae anti 
Pariutstrostrongylits nilii in each segment (sixteenths) of 
the small intestine rit ten naturally infected bush rats. Kotlas 
I'HXfipfi 

N. magnus, O. bet i net e and P ratti were sequentially 
distributed along the small intestine of naturally 
infected bush rats but differed in the positions of Iheir 
mean anterior, posterior and median individuals (Table 
l) The mean anterior and median individuals of A/ 
magnus were anterior to those of O. hainae which were 



mote anterior to those P ratti. However, the mean 
posterior individual of ,V. magnus was posterior to both 
O. hainae and P. ratti. This was due to N. magnus 
inhabiting the posterior quarter of the small intestine 
in two rats, whereas 0. hainae and P ratti were not 
found in this segment. The distributions of the three 
nematode species were significantly different. Chi- 
squared values obtained for pair-wise comparisons 
were N. magnus - O. hainae, \< = 77.5 (p<0.001). 
O. hainae - P. ratti. = 90.9 (p <0.001 1, N. 
magnus - P. ratti, \ = 18.5 (p< 0.001). There was 
no correlation between mean positions of nematodes 
with intensity of infection, except in the case of the 
posterior position of O. hainae (r - 0.68. p — 
0.004). 

The variation in numbers of iriehostrongyluid 
nematodes in each segment of the intestine ol naturally 
infected bush rats was large (Table 4). w ith the standard 
deviation equjl to or greater than the mean (see 
standard error bars in Fig. 1). Despite this variation, 
the difference in distribution w'as greater in individual 
rats (1- realised overlap) than the difference in their 
mean distributions (I- fundamental overlap). The 
realised overlap was lower than the fundamental 
overlap in 25 ol 28 species interactions. T he mean 
realised overlap between N. magnus and P rain was 
lower than the overlap between N. magnus and O. 
hainae and between O. hairuw and P. ratti (Table 2). 
The total numbers of each species of nematode In 
individual rats and the realised overlaps in natural 
infections varied between individuals but the two 
parameters were independent of one another (r‘< 
0.3). Capillaria sp. occurred in such low numbers that 



Tabi. 1 . 2. Fundamental and realised overlap helween niches of Nippostrongylus magnus. Odilia hainae and 
I’uraustrnstrongylus ratti in the small intestine of ten naturally infected hash rats. Ratius fu.scipes 



Nematode species 
pair 


No. of rats infected 
with both species 


Fundamental overlap 


Realised overlap 
(± standard deviation) 


A' magnus - O. hainae 


10 


0.68 


0.55 ±0.14 


N. magnus - P. ratti 


9 


0.61 


0.40 ± 0.27 


O. hainae ratti 


9 


0.82 


0.55 ± 0.23 



Tabu; V Percentage of "Nippostrongylus magnus and Odilia hainae occurring in 16 segments of the small intestine rtf 
laboratory reared Ratius norvegicus following oral or percutaneous infection with third stage larvae 



Segment no. of intestine 


Mean percentage of nemalodes in segment 
(± standard error) 




Nippusirungyi us magnus 


Odilia hainae 


No. of rats 


4 


3 


1 


85. 3 ± 13.1 


91.0 in.T? 


2 


2.3 ± 2.2 


7.0 ± 6.7 


5 


2.5 ± 2.5 


2.3 ± 2.3 


4 


10.0 ±6.8 


0 


5 16 


() 


0 
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> ini i J. Numlu-n »} mmiUnU NtppWfofigylus magus Odilia bamae and PiirausUwui'ngyius rail* w jurt/nm tlffil t>f 
lln * malt intestine of ten naturally mjicti J bush ram. R.tuus fu.vcipes. 



Rat number 


,v r 

intestine 


1 


2 


.1 


4 


5 


& 


7 


s 


9 


10 


" l 


14.5.0 


0.1). 1 


2.1.1 


8.0,1 


31.11.0 


5.13.7 


42.22,10 


42,2,2 


37,3.1 


49.4.238- 


7 


1 0,0 


H9.S 


<8.18,0 


(*>.1,5 


O,tf*,0 


8.32.6 


4,31.36 


29,11.1 


3T 17, 19 


-U). 16,366 


} 


2.0,0 


2,0,2 


| }) 1) 




6 *6 : 


0.9,6 


4^.25 


20,10.5 


13.7,40 


11.2.225 


4 


’7,0 


1.1,2 


3.7,0 


x2,iy 


0.12,0 


1.0.12 


4.7.56 


7.21.18 


3.12.26 


9.5 133 


3 


0,2,0 


0.0.0 


6.1.0 


5.5. IK 


0.13.1 


0.4.0 


3.2 16 


1 .9,9 


3,IU.34 


9.2.76 


n 


0.1.0 


0.0,1 


0.0.0 


2.4,4 


2.4.U 


0.6.1 


0.1.22 


0.1.4 


1.17,10 


4,3.39 


7 


0.0,0 


0.0.0 


0.0.0 


10.3,18 


0,1,0 


0,7.0 


0,0,7 


0,5.1 


030.11 


2.0,15 


8 


0,0.0 


0.0,0 


0,0,0 


2.1,4 


2,5,0 


0.1.2 


0,1.5 


0.1.1 


6.25.2 


1.0 2 


i) 


0,0,0 


(1,0,0 


0.0.0 


2.1.2 


2.2 0 


0.0.0 


0.0. 1 


0.0,1 


13,13.1 


0.0.0 


It) 


0.0.0 


0,0.0 


0.0.0 


1.0.1 


l.l 0 


0.0.0 


0.0.0 


0.0.0 


12,13.1 


0,0.0 


II 


0.0.0 


o.o.o 


0.0.0 


1.0,1 


1 1.0 


0,0.0 


0.0,0 


0.0,0 


12,13.1 


0,0.0 


lit 


0.0,0 


0.0.0 


0.0,0 


1.0,1 


1,1.0 


0.0.0 


n.o.o 


0 0.0 


12,13.0 


0,0,0 


13 


1.0,0 


0.0.0 


0,0,0 


10,0,0 


00.0 


0.0.0 


0,0.0 


0/ Ml 


10.0.0 


0.0.0 


14 


0,0,0 


11,0,0 


0.0,0 


9.0.0 


0.0.0 


0.0.0 


0,0.0 


0 0,11 


10,0.0 


0.0.0 


IS 


0,0,0 


0.0.0 


0.0.0 


4.0.0 


0.0,0 


0.0.0 


0.0,0 


0.0.0 


0,0,0 


0,0,0 


16 


0.0.0 


0.0.0 


0.0,0 


y.o.o 


0.0,0 


0,0.0 


0,0,0 


0.0.0 


4.0,0 


0,0,1) 


Total 


20.11.0 


11.16,14 


14.36. 1 


90.22.70 


43 103 3 


14,77,34 


37.73,178 


99.60 12 


183.173.146 


125, 32.1694 



its possible interactions with the IriehostrongyloiJ 
nematodes were nut considered, 

\eumaeU' tlimrihtuitm in experimentally mfech'tl run 
/V magmu occurred primarily in Ihe anterior 
segment of experimental Is infected laboratory rats, with 
a relatively small population of nematodes established 
in segments 2 to 4 (Table 3). Similarly, O. huinue 
became established primarily in the first segment of 
the intestine, with small numbers o! nematodes present 
in segments 2 to 3. The mean intensity of inlection was 
10 lor N. muynits and 14 for 0. bitinae. 



Discussion 

t he significantly distinct sequential distributions of 
the three species of trichostrongyloid nematode along 
the small intestine m natural infections and 
experimental infections suggest that each species 
occupies a distinct niche Furthermore, the 
lundamental overlaps in natural infection'- between the 
species pairs A'. tnagnus O. bamae (68%) and A'. 
mat’/nm - P. run I (61% ) were lower than the 70% value 
suggested by several authors (Pianka er ul 1979: 
Holmes & Price 1980: Bull et rtf 1989) to indicate the 
existence of ecologically relevant differences. Only the 
fundamental overlap between the species pair O. 
hctlnue - P rulti (82%) was greater than 70% 
llowevcr. the mean realised overlap (55%) between 
iticse two species was substantially less than 70 % 
indicating that these two species interact to separate 
their niches in individual rats The distribution of O. 
buinae in experimental infections ( Table 3) diffeted 
when compared with natural infections (Fig. 1) in that 
in mono-specific infections it occurred in the most 
anterior segment of the duodenum and this may he due 
to Ihe absence of competition from V. maitnus or P 



ratti. However, other contributing factors may have 
been the different species of host tile smaller sample 
size in experimental infections or Ihe smaller numbers 
of O. buinae in experimental inlet lions. 

These observations suggest that the nematode 
community in R. fitsripex is an interactive one. Holmes 
and Price (1986) separated communities of parasites 
into two categories, isolationist and interactive, based 
on their infrapopulations. that is, populations hi 
individual hosts. They suggested that an interactive 
community has no vacant inches, parasites are not 
distributed independently and realised distributions ot 
parasites arc dependent on other guild members. Some 
of these features are present in the ease of Ihe 
trichostrongyloid nematode parasites of the hush rat. 
since the realised overlap was less than the fundamental 
overlap in most interactions in natural infections 

However, the small intestine of the bush rat does 
appear to have vacant niches in natural infections 
despite the above evidence for an interactive 
community. Although host immunity may reduce the 
sue of apparent vacant niches (Noble et ul 1989) a ltd 
low transmission rales may prevent parasites Idling all 
available niches (Price 1980), the distribution of the 
Uiehostrougyloids in individual rats was independent 
of nematode numbers. Thus, assuming vacant niches 
occur, the trichostrongyloids of the bush rut also 
demonstrate one feature of an isolationist community 
(Holmes <fc Price 1986) The ''population 
concentration’ and “individual response” hypotheses 
both explain why the species N. magnus, O. buinae 
and P rani should occupy distinct niches even when 
additional vacant niches are available (Holmes & Price 
1986) t he “population concentration" hypothesis has 
two components, that narrow niche occupation is 
essential lor the maintenance of imrnspecific contact 
for mating purposes (Rohde 1979. 1982) and that the 
occupation ol discrete niches is important as a 
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reproductive isolating mechanism preventing 
hybridization (Sogandare.s-Bemul 1959. Martin 1469), 
The “individual response’ hypothesis (Price 1984) 
argues that parasites adapt m I he environment they 
inhabit and consequently fill narrow niches. 

The distribution and overlap of tricrhostrongyloid 
nematodes in individual bush ruls vary greatly from 
the means but are independent of nematode numbers 
except in the case of the posterior extent of O buinui 
in the intestine. The variability in ihesc 
inlraumimunities may be due to the biological features 
of | he nematodes and their interactions with one 
another but may also be caused by variability in the 
characteristics' of the host which influence parasite 
infraeommunitics such a-, host diet (Cm 1 1 1976' and 
bh>nd supply iCroli & Mu 1977 1 I’he non-specific host 
response, pathological responses and acquired immune 
responses of the host may also influence the distribution 
ol parasites. 

The three tichostrongyloid nematode species found 
in R tiiscipi-s have different biogeographical origins. 
The genus Nippastrorinylus occurs primarily in Rnr/m 
spp in south-east Asia and in other rodents in Asia 
and the Middle- hast, with a single species in 
dermopterans (Beveridge & Dureite-Dessel 1992a I 
Since the endemic species of Rail ns in Austialu 
probably reached the conlinent from south-east Asia 
i Watis <fc Aslm 19811. it is likely that Nippositrmt'yius 
reached Australia with them and that subsequent co- 
speviation led to the evolution of A’, magiws ill R. 
fusupcs (see Beveridge <fc Durcttc-Dexset 1492a). The 
genus Ottilia occurs primarily in hydmniyine or "ole 
endemic” rodents in Australia, principally in the genera 
Melt imys and Uromys Species occurring ui Raiius spp. 
have been interpreted as transfers from "old endemic" 
rodents, which probably evolved between 5 and 15 
million years ago, to the "new endemic' Rulin') spp. 
which have been presenl on the continent for about 
I million years (Watts Sl AtJin 1981). Species of 
Pnriiusm oimugv/uv occur in possums (Pbalangeridac. 
Pciuuridae. Hurtamyidac) and rat kangaroos 
(IVloroidac) (Spralt cl ul. 1991), with a single species. 
r ram in a rodent. The transfer of ftiruuxlrustrongylus. 
and probably Ottilia, is thcicloie presumed to be ol 
recent origin (less than I million years), 

Holmes (19731 suggested that stable communities are 
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older ihan iuieracuve ones and since most parasite 
communities are stable, he concluded that they are 
relatively old. The interactive component ol' the 
Irichostrongyloid infraeomniunily in bush rats suggests 
that it is a comparatively young community. This is 
consistent with the hypothesis that P. rani and possibly 
also O. bain ac are recent invaders Following their 
invasion of R. fust ipes. P. rani and O. haimu haw 
occupied distinctive niches within the new host 
possibly due to isolationist (drees and/or their 
interactions with the other ti tchostrongylmd nematode 
species present in the small intestine. It is possible that 
P rmti colonised a previously vacant niche at the time 
of switching since ,V. twgHits and O bainac do mil 
occupy this niche even when P. rani is absent 
The other parasites found in die small intestines ol 
bush rats appear to occupy completely different niches 
from those inhabited by the Irichostrongyloid 
nematodes or to occur al a very low intensity and 
prevalence ( Captllatia sp. i and therefore were not 
considered in the interactions of the Irichostrongyloid 
community in the present study. The distributions ol 
H. tlhninula and H. anapolytica overlapped However 
the two species were never found in the same segment 
of the small intestine although only two rats were 
infected with both species, Because of interactions 
which may occur between them, they may occupy 
separate niches (Holmes 1973), A larger sample of rats 
would be needed to examine ihc extent of interaction 
between their cestode parasites. 
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